This study aimed to investigate the predictive accuracy of carotid and cavernosal Doppler ultrasound findings for discriminating patients with vasculogenic erectile dysfunction (ED). Fifty patients with complaints of ED were included. B-mode ultrasound of bilateral carotid arteries were performed and peak systolic velocity (PSV), end-diastolic velocity (EDV) and intima-media thickness (IMT) values were measured. Afterwards, corresponding values of cavernosal arteries were obtained by penile color duplex ultrasonography (P-CDU). Of total 50 patients, 29 (58%) were included in vasculogenic ED group and 21 (42%) in non-vasculogenic ED group according to P-CDU findings. There was a significant difference between groups for cavernosal IMT (P ¼ 0.012) but not for carotid IMT (P ¼ 0.601). When patients were reclassified according to carotid IMT values (IMT of the first group o0.9 mm and the second X0.9 mm), carotid PSV and EDV values were different (P ¼ 0.033 and 0.018, respectively). Cavernosal PSV and EDV displayed no difference (P ¼ 0.816 and 0.123) while cavernosal IMT and percent change of cavernosal caliper were significantly different (P ¼ 0.014 and 0.018). Carotid PSV and EDV successfully mirrored respective measurements in cavernosal artery. However, carotid IMT failed to demonstrate such a correlation. Cavernosal IMT seems promising as an additional tool in the evaluation of cavernosal function.
Introduction
Endothelium has a critical role in cardiovascular biology 1 and endothelial dysfunction has been regarded as a common denominator in the pathophysiology of both cardiovascular disease and erectile dysfunction (ED). [2] [3] [4] Cardiovascular disease and ED share numerous risk factors in etiology, such as diabetes, dyslipidemia, hypertension, tobacco use and obesity. All these risk factors contribute to the formation of oxidative stress, the fundamental responsible factor for endothelial dysfunction. [5] [6] [7] At the early phase, endothelial dysfunction has been manifested with the decrease of endothelium-dependent vasodilatation 8, 9 and later on structural vascular abnormalities such as increased intima-media thickness (IMT) and atherosclerotic plaque development could be detected. 10 As an indicator of the alteration of arterial wall, thickening of carotid artery intima-media layer has been found to be associated with risk factors for atherosclerotic disease. 11, 12 Additionally, measurement of carotid IMT by B-mode ultrasound has been accepted as a non-invasive and reproducible reference methodology to evaluate the degree of generalized atherosclerosis. 13 Carotid IMT values X0.9 mm were considered increased according to the literature. 14 Besides carotid arteries, IMT measurement has been also studied in the lower extremity arteries (femoral and popliteal arteries) 15 and even in such small vessels as cavernosal arteries 16 by the virtue of modern ultrasound technology. Results were promising for IMT as a supplementary tool in the ultrasound evaluation of ED along with conventional peak systolic velocity (PSV) and end-diastolic velocity (EDV) measurements.
The present study was designed to verify the presence of a possible correlation between carotid and cavernosal IMT, and to evaluate the diagnostic efficacy of IMT in our ED patients.
Materials and methods
Between January and August 2010, 50 patients aged between 30-77 years, applying to our clinic with the complaints of ED for 46 months were included in the study. The patients having ejaculatory dysfunction but no ED according to sexual history and erectile function domain of IIEF (international index of erectile function) (over 25) questionnaire, which includes six questions (question numbers 1-5 and 15) were not included in the study. And the patients having a history of pelvic surgery or trauma, La Peyronie disease, psychiatric illness or penile curvature were also not included. The remaining 50 patients aged between 30-77 years, underwent detailed sexual and medical history including lifestyle choices (cigarette, alcohol, drug intake, dietary habits, ambulatory status), physical examination (measurements of blood pressure, height, weight and waist circumference, calculation of body mass index), complete blood count, biochemical and hormone blood tests (fasting blood glucose, insulin, glycated hemoglobin), serum lipid profile (total and H/L/VLDL (high/low/very low-density lipoprotein-cholesterol, triglycerides). We have taken into consideration the following common cardiovascular risk factors (CVRFs) according to National Cholesterol Education Program-Adult Treatment Panel III criteria: central obesity (waist circumference X102 cm), hypertension (blood pressure X130/ 85 mm Hg or treatment), diabetes (fasting blood glucose X110 mg dl -1 or treatment), hyperlipidemia (treatment or triglyceride X150 mg dl -1 , total cholesterol 4200 mg dl -1 , high-density lipoprotein-cholesterol o40 mg dl -1 ). More than two CVRFs were defined as multiple risk factors. 17 Between 08:00 and 10:00 hours, B-mode ultrasound of bilateral carotid arteries were performed and PSV, EDV and IMT values were measured. IMT values were obtained on 1 cm distance from the bifurcation according to Mannheim carotid IMT consensus. 18 Mean common carotid IMT was calculated by taking the arithmetic mean of six (three in each side) measurements.
Afterwards, IMT measurements of both cavernosal arteries at proximal tract were performed as previously described 16 and the mean values of six measurements (three for each side) were used for analysis. Before and after (at 5, 10, 20 min) a standardized pharmacostimulation with 60 mg papaverine hydrochloride, 19 PSV and EDV values of cavernosal arteries and percent change of cavernosal caliber were obtained by penile color duplex ultrasonography (P-CDU) at the peno-scrotal junction. Data on the highest of PSV and the lowest of EDV values were expressed as average between left and right sides. After pharmacostimulation, percent change of cavernosal caliber was calculated using the formula: percent change ¼ ((new caliber-old caliber)/old caliber)) Â 100%. All ultrasound work were performed using General Electric Logiq 9 duplex scanner (GE Healthcare, Wauwatosa, WI, USA) equipped with color flow imaging and a highresolution 12 MHz linear probe by the same radiologist who was blinded to the clinical status of patients in order to reduce interobserver variability.
Vasculogenic ED was defined as the existence of reduced PSV and increased EDV (PSV p30 cm s -1 and EDV X5 cm s -1 ). 20 Of the total 50 patients, 29 (58%) had had vasculogenic ED according to P-CDU findings and they were included in vasculogenic ED group. The remaining 21 patients (42%) having normal P-CDU values (PSV 430 cm s -1 and EDV o5 cm s -1 ) were contained in non-vasculogenic ED group.
Our study cohort was reclassified this time regarding their carotid IMT measurements; 32 patients (64% of total 50) having a carotid IMT value o0.9 mm were classified in a group and 18 patients (36%) having a carotid IMT value X0.9 mm were classified in another group.
The groups were compared regarding mean age, body mass index, IIEF and Doppler findings (Tables 1 and 2 ). Statistical Package for Social Sciences, version 13.0 (SPSS, Chicago, IL, USA) software program was used for the analysis of data. Data were expressed as mean ± s.d. Mann-Whitney U and Pearson's w 2 tests were applied and P-values p0.05 were considered significant.
All patients provided an informed consent and the study has been approved by the Hospital Ethics Committee.
Results
Characteristics and ultrasound data of patients stratified by ED type were shown in Table 1 . IIEF scores, carotid PSV and EDV values of two groups were significantly different (Po0.001). There were also significant differences between the groups regarding cavernosal IMT (P ¼ 0.012) and expectedly regarding cavernosal PSV and EDV values (Po0.001 for both). However, we did not observe any difference taking into consideration carotid IMT (P ¼ 0.601). Twenty-two of 29 vasculogenic ED patients (75%) and 10 of 21 non-vasculogenic ED patients (47%) had had multiple risk factors. The distribution of CVRFs over two groups were significant (P ¼ 0.04).
When we classified patients regarding their carotid IMT values (the first group having an IMT Carotid and cavernosal intima-media thickness CS Gokkaya et al of o0.9 mm and the second X0.9 mm), we have determined that carotid PSV and EDV values were different between two groups (P ¼ 0.033 and 0.018, respectively) ( Table 2 ). However, cavernosal PSV and EDV were not different while cavernosal IMT and percent change of cavernosal caliber were significantly different (P ¼ 0.014 and 0.024, respectively) between the groups. The first group (IMT o0.9 mm) had had less CVRFs (multiple risk factors in 18 of 32 (56%)) than the second (IMT X0.9 mm) (multiple risk factors in 14 of 18 (77%)) but that was not significant (P ¼ 0.128).
Discussion
In the evaluation of arterial hemodynamics, PSV and EDV are widely used and are well-accepted parameters. Due to strong dependence on factors such as age, vessel diameter and vessel wall elasticity, these parameters have been shown to have a wide interindividual variation. 21 In addition, reported sampling errors cause the variation to grow wider. 22 In the present study, we have assessed the relationship between carotid and cavernosal values of PSV, EDV and IMT, a novel parameter in the evaluation of atherosclerotic ED. Carotid IMT has been shown in several studies as a non-invasive, reproducible reference method in the evaluation of generalized atherosclerosis. 13, 23, 24 In the study of Bocchio et al., 23 it was demonstrated that men with CVRFs and a high carotid IMT level had more severe ED and ED was the only clinical correlate of silent common carotid artery atherosclerosis. In another study, Ucar et al. 25 reported that carotid IMT values of vasculogenic ED patients were higher than nonvasculogenic ED patients. Our results did not agree Carotid and cavernosal intima-media thickness CS Gokkaya et al with theirs. We found that carotid IMT levels of vasculogenic and non-vasculogenic ED groups were not different. The reason for that may be attributed to the difference in the diameter of these arteries. Thickening of intima-media layer in such a large vessel-like carotid artery may take a longer time than a relatively small vessel-like cavernosal artery. Thus, thickening of carotid intima-media layer may be a finding of advanced atherosclerosis or a late finding of ED. In their artery size hypothesis that supports our findings, Montorsi et al. 26 reported that larger vessels were able to better tolerate the same amount of plaque compared with smaller ones. The failure of carotid IMT in demonstrating a correlation with cavernosal IMT could also be attributed to relatively long distance between carotid and cavernosal arteries. Carotid IMT may not completely reflect the structural status of such a distant and small vessel-like cavernosal artery. The study of Caretta et al., 16 in which femoral IMT was also measured besides carotid and cavernosal IMT, have shown that femoral IMT was superior to carotid IMT for identifying patients with peripheral vascular disease. In addition, they have found that there is a higher prevalence of atherosclerotic lesions at femoral site. In the study that both carotid and femoral IMT were measured, Foresta et al. 27 found no difference in the prevalence of increased IMT between ED and controls and they also observed that only in ED patients femoral IMT was significantly higher than carotid IMT. Along with the results of our study, these data limit the use of carotid IMT as a diagnostic tool in ED evaluation.
When we classified our patients into two groups in regard to their carotid IMT values (being under or X0.9 mm), we have observed that carotid IMT negatively correlated with carotid PSV and EDV according to 0.9 mm cutoff level. Carotid PSV and EDV of two groups were significantly different. Moreover, as a remarkable finding, cavernosal IMT and percent change of cavernosal caliber were different between two groups while cavernosal PSV and EDV were not. This situation could be interpreted that atherosclerosis causes thickening of cavernosal IMT at first and impairment of cavernosal artery elasticity develops thereafter. In other words, PSV and EDV are affected later than IMT in patients with ED. Thus, cavernosal IMT could be considered an early marker detecting cavernosal alterations before/not detected by PSV and EDV. In spite of the fact that carotid IMT is not helpful for the identification of ED type (vasculogenic or not), if carotid IMT of a patient is over the cutoff level of 0.9 mm, the risk of getting ED is higher in that patient.
When we took into consideration of cavernosal IMT in particular, our results showed that IMT measurement of cavernosal artery allowed us to identify the patients who had had vasculogenic ED since the difference between the mean cavernosal IMT of our vasculogenic and non-vasculogenic ED groups was significant. In addition, the significant difference observed in cavernosal IMT levels of two carotid IMT groups (being under or X0.9 mm) supported the idea that atherosclerosis is a process that affects smaller more peripheral arteries first, providing that all patients with abnormal carotid IMT also had abnormal/pathologic cavernosal IMT. However, we do not know what percentage of that group with increased carotid IMT had pathologically increased cavernosal IMT. In their report, Caretta et al. 16 used a cutoff level of 0.3 mm for cavernosal IMT and found that there was a linear positive correlation between cavernosal, carotid and femoral IMT. Our patient population was not enough for making such a classification. That was a limitation of our study.
Conclusion
Our data suggest that, in the etiologic evaluation of ED, cavernosal IMT gives true and reliable information in addition to PSV and EDV. Being morphological rather than a functional parameter, cavernosal IMT may enable us to assess our ED patients from a different perspective. The findings of larger cohort studies 16, 28 reinforce our belief.
